Key Attributes To Consider When
Choosing High Performance Probes

NOT ALL OSCILLOSCOPE PROBES ARE

CREATED EQUAL
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Agenda

Probe bandwidth
o Bandwidth definition
o How much bandwidth are you getting?
o Probe tip may be the weakest link
o Probe AC correction technique
Probe loading
o RC vs RCRC
Probe noise
Probe input range
Probing at extreme temperature environments
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Probe Bandwidth
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Probe bandwidth is specified at the frequency at which a sinusoidal input

B | signal is attenuated by 3dB or to 70.7% of the signal’s true amplitude.
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Probe Bandwidth

Required Probe BW = Signal BW*T, = 0.35
(Gaussuan)
3x — 5x the signal BW
(Gaussian) Signal BW*T, = 0.43
(Brickwall)

1.2x — 1.4x the signal BW
(Brickwall) where Ty being 10%-90%

Example: Signal 100 psec Edge Speed

90%
Tr-signa = 100 psec (Rise/fall time of
your fastest signal)

Signal BWg;4n4 = 0.43/100 psec

10% = 4.3 GHz
T 100 psec Required Probe BW =
5 ¢ 1.2x to 1.4x the signal BW =

5.1 GHz - 6 GHz
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How much of system BW are you getting?

Does this legacy system bandwidth equation still hold true?

System bandwidt

 The equation is not very applicable to much of modern oscilloscope and probing
system these days.

« This equation only applies for components that have very little overshoot/undershoot
and ringing in the step response.

« This equation specifically does not apply to the high performance scope/probe system
with Brickwall responses.

 The “slowest” component in the chain (scope + probe + probe accessories)
determines the system BW.
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Effects of varying lead length/span

N5425B ZIF head Lead length | Separation Bandwidth
with between legs

N5426A ZIF tip 2 mm 0 deg 12.3 GHz
N5451A Long-wired 7 mm 0 deg 9.9 GHz
ZIF tip 7 mm 60 deg 4.4 GHz

0 deg 5 GHz
3.3 GHz
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Probe accessories can greatly affect the
overall performance

Vout/Vin
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Truths about Probe Calibration

* Most conventional probes come with DC - Gain error
gain and offset calibration. L offset error

DC Offset cal : To make f(0) = 0 .
for Vout = f(Vin)
DC Gaincal:Y=aX+Db —
AC : relies on the probe’s hardware 3 Input e

= |deal

response, no cal

« High performance probes with scopes do
DSP correction for probe amp and head to
achieve better performance and higher
accuracy.
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DSP corrections improve accuracy but...

Frequency Response

r}

« Some high-end probes offer g
measured S parameters for a
step-up in the accuracy of
probes.

= freq
o] 30.01 GHz 2724

14 9+ db(NE4454_N54334_tyo_co
1o G+ db(NBAA5R, N5 352, tp)

typical probe only (red)
typical probe with comrection (blue)

* However, other factors such as
the variation in probe tip
configuration such as

* tip length,

* tip span,

« arrangement of wires,

« partial damage, and

* probe orientation to DUT
can still affect probe response.
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What if the DSP correction doesn’t cover
your probe tip configuration?

File Control Setup Display Trigger Measure/Mark Math Analyze Utilities Demos Help 5/2'9/23 TECHNOLOGIES

T —— 2 Y YT v el
o 1169A @ No probe detected  No probe detected " No probe detected(

- Probe System

B External
Select Probe Head

Generic Heads | Named Heads

Switching generic probe heads invalidates its calibration. To retain
calibration, use named probe heads.

1528N |BDILISA | SE3N SWl |

Medel :
N5425A/B:ZIF Head (11mm wire, 0 deg)
Probe Syst .
N5425A/B:ZIF Head (11mm wire, 60 deg)
Bandwdth | N54554/B:7IF Head (7mm wire, O deg)
Resistence || N5425A/B:ZIF Head (7mm wire, 60 deg)
Capacitancel(| Ns4254/B: 7IF Head, Fine Wire IC Tip

Max Input il Ns425A/B: ZIF Head, ZIF Tip
Signal Rang ’

CM Range

il these S paramet
ork as intended for the

-400 ns -300 ns -200 ns

Qo Jpos @7 » )
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More Advanced Probe Correction Method
Using PrecisionProbe

« The ideal way to ensure the best accuracy for a probe is to perform a
calibration of its response in the configuration that it will be used
before critical measurements are made.

* The PrecisionProbe application uses the fast calibration step signal and
a high quality probe fixture with cables to accurately measure and
correct for the response of any probe.

Y ©<c<ionProbe N

Summary, frequency response magnitude
Channel 1: Browserl

= \fi) == \/out === Probe Transfer Function = Vout/Vin ===== Corrected Probe Transfe- "
mmmmm Corrected Vout |

| i
OHz  2.000 GHz 10.00 GHz
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AC Calibration Options

Probe Calibration

o 1169A f No probe detected " No probe detected * No probe detected
Please allow 15 minutes for probe warmup before starting calibration.

DC Attenuation/Offset Cal - Skew Calibration AC Response Calibration

| 21 MAY 2018 15:49:45 | || | 21 MAY 2018 15:50:03 | || | Calibrated

@ Using Default Atten (3.3:1) @ Default Skew # Automatic Probe Correction
© cCalibrated Atten ( 3.2:1) © cCalibrated Skew @ off

-~

| Start Atten/Offset Cal... | ||| Start Skew Cal... © PrecisionProbe/PrecisionCable

Setup Precision Probe...

Automatic Probe Correction: uses PrecisionProbe/PrecisionCable:
factory generated S parameters uses the measured probe/cable
for InfiniiMax probe amp and response obtained from the
head. PrecisionProbe cal.

It is important to choose the right PP cal takes care of AC correction
probe head and accessories in the from the probe amp to the tip end.

probe head menu to get appropriate
probe head correction.
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Test setup to perform PrecisionProbe testing

Scope Ch 3

50 Q Z,=50Q Vi Z;=50Q (reference, Vsrc)
Scope + +
s z"sm: Vin

output

Performance verification and Probe

deskew fixture (50 ohm under tds Scope2/Port3

feedthrough) A

To Probe zo 500
| / Scope Ch 1
’ 1T (Vout)

0 Scope It
Input Ch

Coax from Source
(CAL output)

25Q) source impedance
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How it works

« Apply a very fast cal step signal to the scope input thru a
low loss fixture and cable.

« Create a frequency response of the step using the scope’s
built-in math and FFT (Vsrc — before probe connection)

« With the probe connected, repeat the above process for Vin
(signal as loaded by probe) and Vout (output of the probe).

« By relating the response of the Vsrc, Vout and Vin, we
create a new transfer function (Vout/Vin or Vout/Vsrc).

* Infinlium software creates an inverse filter to create a nice
flat response to improve the measurement accuracy.
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Bandwidth boosted 1169B using PrecisionProbe

 The bandwidth of 1169B (12 GHz InfiniiMax probe) + N5381B
solder-in head can be boosted to 15 GHz with PrecisionProbe

without significant noise penalty.
* Noise penalty at 15 GHz (compared to 12 GHz) is ~20%.

12 GHz - standard 1169B

IO Lk 2 v O
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Bandwidth boosted 1169B + N5381B solder-in

headusmg PrecisionProbe

-ontrol Setup Display P asure Math Analyze Utilities Demos Help

""" =  Therisetime at 12 GHz
sex NN was 47 psec and improved
to 39.8 psec for 15 GHz.

— 7* -
...... —— s | At 16 GHz BW, steps

B |00k too bursty and
B noisier

ntrol ¢ p Display Trigger Measure Math Analyze Utilities Demos Help “,15,

File 7 Y
ECH
C —
Stop ’; fo_r 41.0 mV
Waveform Window 1

©®200mv |l8o.omv (@>0
@

| Cument | Mean | Min
4802 ps 471505 ps 4288 ps
419560 mV QU7 mv 411500 mV

™

SEIW [EO[UIA SeAW dwiL

At 12 GHz, rise time |
(10-90%) =47.1 = |-

S e C Mean Min g Sampling Mode
p 4071 ps 39823 ps 3734 ps 41 g Capture Time
422451 mV 421489 mV 414432 mV 4282 Effective Resokution
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Chan 1 Scope BW
> | Chan Probe BW

00 ns

150 ns 1
@ s00ps/ 00

Jo DT IR N

At 15 GHz BW, rise
time (10-90%) = 39.8 . T e—r— g —
psec = - o (e

424519 mV 421347 mV 415256 mV 4202 | Effective Resolution 781 f/pt

Bits of Resolution Bbits
Chan 1 Scope BW 160 GHz
Probe W .
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Probe Loading

Circuit Under Test Probe Z probe
Z source ¢ i <
. Vin ®|pc | ®ac
: R probe
Q'L Vsource = Pt ;k
L -[: L probe 1
Zprobe ) Xc = 2tfC

Vin = Vsource *
(Zsource + Zprobe

* Probe becomes an additional load driven by the signal source.
» Resistive, capacitive and inductive loading effects must be considered.
* Probe can change the operation of the DUT.
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Two Common Probe Impedance Profiles
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“‘RC” ( ). traditional resistance — then capacitance impedance profile

“RCRC” ( ): High DC impedance, moderate mid-band impedance
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“RC” Probe Impedance Profile T e

PROS AND CONS o T

1E3 - R

R

Pros
Traditional probe impedance profile S @ g @ ¢t ® & T @@ %

High R best for probing circuits with a higher freq, Hz
source impedance

Best for circuits whose source impedance
changes from High Z to Low Z (e.g., bus that
transitions in and out of high Z mode)

cons

Harder to achieve high bandwidth due to
multiple components at tip

Harder to achieve low noise — doesn’t “steal” as
much signal

Hard to minimize capacitance causing
“rounding” of the step response

Too much DC loading if R is too low
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“RCRC” Probe Impedance Profile el

1E4

PROS AND CONS

Z_RCRC

Z_RC

1E3—

Pros =

L3
231
£31—
3l
FEIE.

Better for preserving wave shape

Easier to achieve high bandwidth since less
components at tip

Better at achieving low noise (i.e., “steals”
more signal

freq, Hz

cons

Not optimal for measuring circuits with high
source impedance

Not good for measuring circuits that transition
from high Z to low Z (i.e., causes long time
constant)

Lower mid-band impedance attenuates
amplitude

KEYSIGHT
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Probe loading effect in measuring MIPI D-phy

KEYSIGHT
2 @

-
(*]
v

o.l

.

A

7

!

\"\
!

O TNl Ry, T A MO P TN e 0 Ny

l

SEIW |ED[UBA | SEap AW

L
A
W
N
e
A
i1
\
l'

Yellow = Keysight N2832A InfiniiMax Il1+ 13 GHz probe (RCRC)
Blue = Keysight 1169B InfiniiMax Il 12 GHz probe (RC)

RC probe (such as InfiniiMax I/1l) is recommended for this application.
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Probe loading is impacted by probe tlp conflguratlon

Keysight Infiniium : Tuesday, July 3, 2018 5:33:28 PM
B

File Control Setup Display Trigger Measure/Mark Math Analyze Utilities Demos Help 7/3/2013 2

T B 0.0 Gsa/s JL.ookpts | H [33.0 GHz \6[' smv I [\7

T oo ommom

Sy |BOIUSA | SEaN Wil

» ZIF tip with 2 mm

lead

-140 mV

-190 mV

ZIF tip with 11 mm
A |ead -240 mV

w 64 ps 163 ps 263 ps 363 ps 663 ps 2
(@loopss Jisssse: @ 8
(B e eSS

Messrement | Curent |  Mean |  Min |  Max | RangeOacMin | Swbev | Coumt [ ]

© Rise time(2) 35.62 ps 36.5141 ps 29.56 ps 295.56 ps 266.01 ps 3.9895 ps 78014

Longer input lead wire impact probe’s loading
characteristics that cannot be compensated!
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Understanding the probe noise specification

* Probe noise is typically quoted in the probe only noise referred to
the probe input or ein (equivalent input noise) in mVrms or in noise

spectral density, nv /VHz

* You can convert from one quantity to the other by factoring in the
bandwidth of the probe.

Features N280XA InfiniiMax Ill probe amp
450 Q probe heads 200 Q probe heads N5444A 2.92 mm,
SMA, 3.5 mm probe
head

nput referred noise 239 nV/rt (Hz) 12.0 nV/rt (Hz) 239 nV/rt (Hz)
spectral density

1169B

Noise referred to input 2.5 mV rms, probe only

KEYSIGHT
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Understanding the probe noise specification

* The ein of a probe is derived by calculating the noise contribution of
the probe (or output noise of the probe) by using the square root of
the sum of the squares or eon.

eon = \/(noise of probe and scope)?—(noise of scope)?

 Now you can calculate the ein of the probe by multiplying eon by the
attenuation factor. For example, eon = 250 uVrms with a 10:1 probe,

ein would be 2.5 mVrms.

 Noise spectral density = ein/\/probe bandwidth
For 2.5 mVrms ein measured with a 12 GHz probe,

noise spectral density =21 nV/VHz
eon

ein = eon * attenuation factor

KEYSIGHT
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Probe and oscilloscope front-end

probe scope

Stepped

Attenuation Channel

Filters

Vin Vout =
_ , 1/10*Vin .

5

Path Select Variable

: Trigger
Relay Amplification Comparalors

Trigger
Filters

Trigger
7 s
1Meg D

Due to probe’s Due to signal
attenuation ratio amplification
v inside scope

* The system noise will increase when the scope Increases attenuation to
allow a larger max input range.

 It's advantageous to use the most sensitive vertical range (lower V/div) to
avoid unnecessary noise magnification.

KEYSIGHT
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Lower attenuation ratio leads to higher
sighal-to-noise ratio

' 10:1 Probe
il i'm H‘m !

iy
11

20 mVp-p Signal

KEYSIGHT
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Probe Input Range Terms

— For differential probe:

 “Differential input range”, “Dynamic range”

* “Input common mode range”, “Common input voltage
range”, “Operation voltage input range”, “Offset
compensation range”

« “Offset range (for probing a single-ended signal)”

* Non-destructive input voltage range

— For single-ended probe:
* Input signal range
« Offset voltage range

« Non-destructive input voltage range

KEYSIGHT
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SE probe: Offset Range & Dynamic Range

Input Dynamic Range N2795A: -8BV to +8V (DC or Peak AC)
| Non-destructive Max Input N2795A: -20V to +20V |
Offset Range N2795A: +/- 8V

Acquisition is stopped.
20.0 GSa/fs #Av gs: 16 K- e = == == =S

= 0 - - 8

[ T

KEYSIGHT
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SE probe: Offset Range & Dynamic Range

Acquisition is stopped.
20.8 GSa/s #Avgs: 16

B B 0 = 8-
16 Vpp
+8 V offset

Why offset range? For the subtraction of the dc component of the input
signal so the signal can better utilize the dynamic range of the input.

KEYSIGHT
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Probing challenge

Measuring small AC signal riding on top of large DC offset

}

Challenge: Measure small
ac signal on top of large dc
signal

Issues to overcome: DC

Measurement System Noise

1. How to deal with
(Scope, Probe, Connection...)

measurement system noise

2. How to eliminate large DC \ Y
component and extract the
AC signal clearly.

KEYSIGHT
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Power Integrity Measurements

Use probe offset over scope offset

KEYSIGHT
LOGIES

e At larger V/div,
When scope offset is used :u. ’ SenSItIVItY 2 decr_eased

- S N — I - Scope noise relative to small ac

t3tmy signal is increased.

KEYSIGHT

.When probe offsetis used ..

131.0mV 131.0mV

v . / ‘/‘\// '/\/ /\/’ /.\/( /\/I'
Scope offset range is vertical scale \/ /‘\/ /\/

dependent, but probe offset is not.
 Remove large DC signal using
probe offset!

()
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Diff probe: Probe

offset vs Scope offset

Probe offset provides a wider range
that can be applied to input signal
independent of vertical scale.
» InfiniiMax probe offset ranges
« Infiniimax | : £12 V
« Infiniimax Il : 16 V
« InfiniiMax [1I/1l1+ : £16 V
« Use probe offset to logk-dt small signal
rldlng on top of hig'DC signal.

PFJ"IIZIL 'nﬂ_,r t

Select Probe Offzzc Behavior

O MNormal : Controls scope channel offsat
Used when measuring differentsal signals

. Probe : € % Vioc at [ amp input

Lisd whan massunng single-ended aignals

Probe Orffset Scope Channel Offset

Scope
Channel

Differential
amplifier

Probe | Scope

e N7020A @ 1169A g No probe detected

Probe System
. External Scaling . Attenuator . DC Block

N5381A Probe Head 1169A Probe Amgp

Ddferential Scider-In .

o — Select Head.,
Noeenal

Offsat...

No probe detected

B Extension Cable

P obe Systern Characteristics Calibration Status
Ba ndwidth 12.0 GHz atten/offset ([
Resistance 50.0 kQ y Sl
. Altenuation 3.3:11
Capacitance 210.0 f¥
Ma> Input £30.0 V Skew . Uncalibrated
Sigral Range +1.7V
CM \lange £8.0V
SE o fset range: +16.0V

[ Probe Offset
Select Probe Offset Behavior

I @ rormal rols scope channel offset

Usad when meas w B ©
{0 Probe : Cancels Voe at probe amp input

Usad when measuring single-endsd signals

Probe Offset Scope Channel Offset

|

Scope
Channel

Differential
Aamplifier

Probe | Scope




Keysight Power Rail Probes’_ -

« DCto2 GHz (N7020A) / DC to 6 GHz
(N7024A - NEW) power rail probes for
power integrity measurement

» Low attenuation ratio ensures high
signal-to-noise ratio

« Large probe offset ranges (+/24V, +/-
15V) allow for extracting the signal
noise of interest while at maximum
scope sensitivity

« Compatible with InfiniiVision and
Infinilum scopes

KEYSIGHT
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Diff probe: Common mode measurement

InfiniiMode allows convenient measurement of differential, single-ended
and common mode signals with a single probe tip without reconnecting
the probe from its connection point.

-

4V

3V Differential
Mode Voltage

1V

- Lead

Common
Probe Leads

KEYSIGHT
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Diffarential
A_BE=W_1W=W
Common Mode
T
A;E _ 4'IJ:|?-1R _ 95y
2.5V Common
Mode Voltage
Single-Ended A
)Y,
A—gnd = V-V = &
Single-Ended B

B-gnd = W-IW = TV
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Oscilloscope Probing in Extreme Temperature

Temperature test ranges and applications

Component Testing

'25°C_ > +85°C

Mobile Consumer, Power Supplies\\

-40°C (— - +85°C

Automotive Interior, Mass Storage'

Automotive (under hood), Aerospace, Defense |
55°C — —R) 15" C

4 . Ordinary Probe
0°C < 7 +50°C

I! 'S

KEYSIGHT
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Two most common methods today

Two most common methods today

= Probe connected to DUT via long extensions
 Limited bandwidth and non-flat frequency response
* Noise couples onto extension wires

= Probe is placed directly into chamber
» Cost of “disposable” probes
* Probe failures create false readings

KEYSIGHT
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Keysight’s Extreme Temperature Probing Solution

N7007A N7013A

Single-ended Probing kit for
Passive differential probe

400 MHz 70 MHz

10MQ input R Compatible with
2 m long cable N2790A, N2791A,

N2792A, and
-40 to +85 °C N2818A

70 cm long cable
-40 to +85 °C

Keysight offers the broadest selection of extreme-temperature oscilloscope probing

N2797A InfiniiMax +

Single-ended N5450B
Active extension cable

+ probe head
1.5 GHz

. Differential & SE
1MQ input R Active

2 m long cable 1.5 GHz — 26 GHz
-40 to +85 °C 50 kQ input R
-55 to +150 °C

solutions. www.keysight.com/find/extreme

KEYSIGHT
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N2820A/21A
High-sensitivity
current probe

Current

3 MHz
1.5GQinput R
-55 to +150 °C



http://www.keysight.com/find/extreme

Extended Temperature Probing with InfiniiMax Probe

MXO0100A : 12 GHz Micro Solder-in Probe MX0109A : 26 GHz Solder-in Probe Head
Head « 26 GHz bandwidth
< Half the size of existing solder-in probe * Same performance as N2836A
heads « Compatible with InfiniiMax [II/1ll+ RCRC probe
- Small, flat and flexible (using flex printed aifip

circuit) * Operating temp range: -55 - +150°C

« Compatible with any InfiniiMax I/ll RC probe
- ~_~
« Operating temp range: -55 - +150°C
F'
=
New probe heads are designed to & - 2
. € \ withstand E
i S o -55°C dwell, >1000 hours // N )&
" o +150°C dwell, >1000 hours | ,
‘ AN o -55 °Cto 150 °C cycles, 1000 cycles \ | _/"
MX0100A N5381B minimum per JEDEC JESD22-A104 \\\\ / 4
\j‘¥_/ 4

revision E

KEYSIGHT
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MX0109A frequency response variations over temp
Vout/Vin variation over +160 to -55 degC temperature is fairly small

Vout/\Vin shifts versus temp.
Mote that Vin and Vout shifts are
about the same so ratio is fairly stable

& G =
o9 Q Q
o220 )
[;;ralrn &—
FPEE ;3—-'
=== ]
v am 0—
>33 .
e L ¥ e
D@ty =3
T 8o ]
Oo=qa B
a uh =
=53 4 Purple @+160 degC
£=3 -12— Blue @-55 degC
- | ‘
o2 g 19 Red @+27 degC
= a1
g%% -18—
+
éég 21 T l‘rr]Tr”r'r']d'rr'r'['r r'rr['r"rrt["fr"rr['I'r"l r'l"r T
o 0 9 10 15 20 25 30 35 40

freq, GHz
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Summary

* Probe tip accessories can greatly affect the overall performance of the probing
system. If at all possible, keep the input leads of the probe tip and the loop
area of connection as small as possible.

« If a probe has significant signal content beyond its stated bandwidth, the
PrecisionProbe can extend the bandwidth of the probe, flatten the response
and enhance its usefulness.

« There are two types of loading characteristics for probes — RC vs RCRC
profiles. Know when to choose RC vs RCRC probe.

« Choose a probe with lower attenuation ratio to achieve higher signal-to-noise
ratio.

« Use probe offset to look at small signal riding on top of big DC signal.

« Keysight provides industry’s most comprehensive extreme temperature probing
solutions. www.keysight.com/find/extreme

KEYSIGHT
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Keysight Probe Application Notes

Document # Application Note Title

5988-6515EN The Truth About the Fidelity of High-Bandwidth Voltage Probes

5988-8005EN Improving Usability and Performance in High-Bandwidth Active Oscilloscope Probes
5988-8006EN Performance Comparison of Differential and Single-ended Active Voltage Probes
5988-9264EN Understanding and Using Offset in InfiniiMax Active Probes

5989-7587EN Extending the range of Keysight InfiniiMax Probes

5992-0694EN Demystifying RCRC and RC Probes

5992-2975EN Bandwidth boosting techniques for InfiniiMax probes

5992-3350EN Probe soldering guidelines for Keysight InfiniiMax probes

Enter document # in search box at www.keysight.com/find/probes
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